In the present study, we clarified the antidepressant-like constituents in an aqueous extract of lavender (Lavandula angustifolia) flowers. The antidepressant-like effects of the lavender extract (LE) and four fractions from the extract (Fr. 1 _ 4) were evaluated using the forced swimming test (FST) in mice. Oral administration of the LE or Frs. 1, 3, and 4 significantly reduced immobility in the FST, whereas Fr. 2 had no significant effects. High-performance liquid chromatography using an authentic standard clearly showed that Fr. 3 contained a large amount of the known antidepressant-like substance rosmarinic acid (RA). Moreover, 3-(3,4-dihydroxyphenyl)lactic acid (DLA) was identified in Fr.1 as a new constituent for L. angustifoli. Oral administration of DLA (150 and 300 mg/kg) and of RA (37.5 mg/kg) significantly reduced immobility time in the FST. These results suggest that RA and DLA may participate in the antidepressant-like effects of the LE in mice.
Introduction
Lavender (Lavandula angustifolia) is an aromatic evergreen, perennial, woody shrub belonging to the Lamiaceae family, native to the Mediterranean region (Charles, 2013) . The essential oil obtained from the fresh flowering tops of this plant has long been used in the production of perfume and is also used in aromatherapy as a relaxant (Lis-Balchin, 2006 ). In addition, lavender is used as a tea infusion to treat restlessness, insomnia, and nervous disorders of the stomach and intestines (Blumenthal, 1998) . However, despite its long history in folk medicine, the use of lavender as a functional food ingredient is limited by its strong floral odor. In our previous studies, a non-volatile fraction of an aqueous lavender extract (LE), which was free from the main aromatic constituent linalool, showed antidepressant-like (Kageyama et al., 2012; Ueno et al., 2012) and anti-ulcer effects in rodents after oral administration. In addition, rosmarinic acid (RA), a known antidepressant-like substance, appeared to be an active constituent of the LE (Kageyama et al., 2012) . The present study was designed to further clarify the active constituents responsible for the antidepressant-like effects of the LE.
Material and Methods
Animals Six-week-old male ICR mice (29 _ 31 g) were obtained from Japan SLC (Hamamatsu, Japan 3) and 36.5 _ 45.0 min (Fr. 4). After 25 injections, the fractions were evaporated in vacuo and lyophilized to give dried fractions in the yields shown in Table 1 . Forced swimming test (FST) The FST was performed according to the method of Porsolt et al. (1977a) . Briefly, mice were individually placed into a glass cylinder (40 cm × 7 cm i.d.)
filled with water at 25℃ to a depth of 20 cm. The total immobility time of the mice was assessed during the last 4 min of a 6-min observation period. Immobility was defined as the absence of movement except for movement to keep the mouse's head above the water. Sample solutions (10 mL/kg body weight) were administrated orally by gavage 1 h before the test. Frs. 1 _ 3
obtained from the LE were tested at two different doses, a low and a high dose that corresponded to 2500 and 5000 mg/kg of the LE, respectively. Fr. 4 was tested only at the high dose. Comparisons between two groups were performed using the Student's t-test. The Williams test was used for multiple comparisons in dose-response experiments. P < 0.05 was considered to be statistically significant.
Measurement of locomotor activity

Results and Discussion
Total phenolic and rosmarinic acid (RA) contents of fractions obtained from the LE To investigate whether there are antidepressant-like constituents other than RA in lavender, the LE was fractionated by prep-HPLC. As shown in Fig. 1 
Antidepressant-like effects of the LE and its fractions
Antidepressant-like effects of the LE and its fractions were evaluated by the forced swimming test (FST). The FST is the most widely used animal model for screening potential antidepressant activity. Immobility displayed by rodents when subjected to an avoidable stress such as forced swimming is assumed to be related to a state of despair, and immobility time in the FST has been shown to be reduced by the administration of clinically effective antidepressants (Porsolt et al., 1978; Porsolt et al., 1977b) . In the present study, oral administration of the LE to mice (500, 1000, and 2500 mg/kg) produced a significant reduction in immobility time in the FST (Fig. 2a ). In addition, Fr. 1 (1610 and 3221 mg/kg),
Fr. 3 (127 mg/kg), and Fr. 4 (314 mg/kg) produced a significant reduction of immobility time in mice after oral administration ( Fig.   2a, b ). Fr. 3 is composed of a large amount of RA; therefore, these results suggest that important antidepressant-like constituents other than RA might be present in Frs. 1 and 4.
Identification of 3-(3,4-dihydroxyphenyl)lactic acid (DLA) in
Fr. 1 As shown in Fig. 1 , a single high-abundance peak (peak A)
is present in the HPLC chromatogram of Fr. 1, whereas no such clear peak appears in the chromatogram of Fr. 4. Therefore, we decided to first identify peak A in Fr. 1. Chromatographic separation of the LE on the SP-70 porous resin and subsequent purification by prep-HPLC yielded a pure compound identical to peak A in Fr. 1. Based on the 1 H and 13 C NMR spectral and MS spectral analyses, this compound was identified as DLA (Fig. 3) .
DLA is a structural element of RA, in which caffeic acid (CAA) is linked to DLA by an ester linkage (Fig. 3) . In previous studies, DLA has been found in a number of Lamiaceae plants, such as Salvia miltiorrhiza (Zhao et al., 2008) , Origanum vulgare (Fujie et al., 2003) , and Mentha haplocalyx (She et al., 2010) , whereas, to the best of our knowledge, its presence in Lavandula species has not been previously reported.
A n t i d e p r e s s a n t -l i k e e f f e c t s o f D L A , R A , a n d C A A
Antidepressant-like effects of RA and DLA were evaluated using the FST in mice (Fig. 4a) . The oral administration of RA (37.5 mg/kg) resulted in a significant reduction in immobility time in the FST. Moreover, DLA produced a dose-dependent reduction in immobility time in mice after oral administration, and significant effects were observed at doses of 150 and 300 mg/kg. Previous studies have demonstrated that the oral and intraperitoneal administration of RA produced a significant reduction in immobility time in the FST in mice (Takeda et al., 2002a; Takeda et al., 2002b) . However, to the best of our knowledge, the antiimmobility effects of DLA have not been previously reported.
Recently, Kwon et al. (2014) reported that the oral administration of DLA at doses in the range of 1 _ 10 mg/kg did not produce any antidepressant-like effects in mice subjected to the FST. This is consistent with our results in which the oral administration of DLA at doses of 37.5 and 75 mg/kg did not produce a significant reduction in immobility time in the FST.
To investigate the structural elements necessary for RA to produce antidepressant-like activity, CAA was evaluated for its potential antidepressant-like effects after oral administration.
Previous studies have demonstrated that the intraperitoneal administration of CAA produced a significant reduction in immobility time in the FST in mice (Takeda et al., 2002a) ;
whereas, to the best of our knowledge, the antidepressant-like effects of CAA after oral administration have not been previously reported. As shown in Fig. 4b , the oral administration of CAA (75 and 150 mg/kg) produced a significant reduction in immobility time in the FST. Since both DLA and CAA produced a significant reduction in immobility time in the FST, we suggest that both structural elements may be important for the antidepressant-like effects of RA. Additional experiments using another animal model of depression such as the tail suspension test (Cryan et al., 2005) might provide further evidence on the antidepressant-like activities of these compounds.
Effects of DLA, RA, and CAA on the locomotor activity in mice
Psychostimulants such as d-amphetamine and caffeine have been reported to decrease the immobility time in the FST, apparently due to motor stimulation rather than to persistent attempts to escape (Porsolt et al., 1978; Porsolt et al., 1977b) . Such false-positive results can be excluded by measuring the locomotor activity (Porsolt et al., 1978) . In the present study, neither DLA (300 mg/kg) nor RA (37.5 mg/kg) affected the locomotor activity in mice after oral administration (Fig. 5a ). Conversely, CAA (150 mg/kg) increased the locomotor activity during the 10 _ 20 min segment after oral administration (Fig. 5b) . These results suggest that the antidepressant-like effect of CAA in the FST might be attributed in part to motor stimulation. A mild psychostimulant effect of CAA after oral administration in mice was also reported by Ohnishi et al. (2006) .
Concentration of DLA and RA in the LE The concentration of
DLA and RA in the LE was determined by HPLC analysis (Table   2) , whereas the concentration of CAA was unable to be determined due to peak overlapping. From these data, it can be calculated that 34.3 mg/kg of RA is present in the highest dose of LE (2500 mg/kg) in the FST (Fig. 2a ). This value is close to an effective dose of RA (37.5 mg/kg) in the FST when administrated alone (Fig. 4a) . Conversely, the same dose of the LE contains 47.5 mg/kg of DLA, which is about one-third of the lower effective dose of DLA (150 mg/kg) in the FST (Fig. 4a) within the plant as an intermediate for the biosynthesis of RA (Di et al., 2013) or inversely produced by the degradation of RA due to hot-water extraction of the dried flowers. In order to clarify whether DLA can be produced from RA during hot-water extraction, the effects of RA enrichment on the concentration of DLA was investigated (Fig. 6) . The results clearly showed that the enrichment of RA did not affect the concentration of DLA after extraction and simply resulted in a linear increase in the concentration of RA. These findings suggest that DLA formation from RA during hot-water extraction is negligible. This is consistent with the results of Fujie et al. (2003) , who demonstrated that the addition of RA did not affect the concentration of DLA after boiling of oregano leaves in 2% sodium chloride solution for 15 min. Further investigation including analysis of fresh flowers of lavender is needed to clarify whether DLA can be accumulated within the plant before harvesting.
In conclusion, the present study revealed that DLA isolated from lavender flowers is a novel antidepressant-like substance; the oral administration of DLA produced a significant reduction in immobility time in the FST in mice. Further studies are needed to clarify the mechanisms mediating the antidepressant-like action of DLA. Rosmarinic acid (RA) 1 . 37 Caffeic acid (CAA) ND a a Not determined due to peak overlapping.
